ESTABLISHMENT OF WILDFLOWER ISLANDS TO
ENHANCE ROADSIDE HEALTH, ECOLOGICAL
VALUE, AND AESTHETICS: PHASE |

Jackson EbbetsHeidi Hillhousé, John Guretzky; andTom Weissling

Department of Agronomy andorticulture
University of Nebraskd.incoln
’Department of Entomology

University of Nebraskd.incoln

0O TUTmMm™Auw r>»=2""mT

Sponsored By

Nebraska Department of Transportationand U.S. Department of
Transportation Federal Highway Administration

March 31 2023

NEBRASKA

Good Life. Great Journey.

DEPARTMENT OF TRANSPORTATION



Technical Report Documentation Page

1. Report No. 2. Government Accession No. 3. Recipientds Cat
SPRFY21(011)

4. Title and Subtitle 5. Report Date

Establishment of Wildflower Islands to Enhance Roadside Health, Ecolg March 31 2023

Value, and Aesthetics Phase |l 6. Performing Organization Code

7. Author(s) 8. Performing Organization Report No.
Jackson Ebbers, Heidi Hillhousighn GuretzkyandTom Weissling If applicable, ater any/all unique

numbers assigned the performing
organization.

9. Performing Organization Name and Address 10. Work Unit No.

Department of Aggnhomy and Horticulture

University of Nebraskd.incoln 11. Contract

297 Plant Sciences Hall # 2662221007001

Lincoln, NE 685830915

12. Sponsoring Agency Name and Address 13. Type of Report and Period Covered
NebraskaDepartment of Transportation Final Report

Researctsection July 1, 2020 March 31, 2023

1400 Hwy 2 14. Sponsoring Agency Code

Lincoln, NE 68502

15. Supplementary Notes

If applicable, ater information not included elsewhere, such as translation of (or by), report supersedes, old edition numb
alternate title (e.g. project namey,hypertext links to documents or related information

16. Abstract

Roadsides plagn everincreasingole in sustaining biodiversityln 2020 we launcheda projecton backslopealong
Highways 2 and 7&valuaing seeding and mowing treatments enhane beneficial forbs including milkweed
(Asclepiaspp.) speciesAnalyses showed that seedimicrea®d forb diversity total forb cover and foristic quality.
However, nowing effects were less clear. Forb cover was higher on plots that were mowed in October 2020 bg
seedingbut effectsof pre-mowing variedwith site. The combination of e-mowing and seeding was most effectiv
at increasindloristic quality of the Highway 2 siteHowever, nowingafter seeding in early July did niatprove forb
establishment. Accumulation of dead plant matter on the soil surface (i.e., litter) appeared to have a strong in
on forb density in the first year dlfie study This research provides information on the limitations and opportunit
in planting natve wildflower seed into roadsides with previously established vegetation. Insight from this repor
help guide recommendations and future research on the best management practices for Nebraska roadsides.

17. Key Words 18. Distribution Statement
diversity, grasses, forbs, ingecplants, milkweed, mowing, No restrictions. This document is available through the
pollinators, seeding, sunflower, vegetation National Technical Information Service.

5285 Port Royal Road
Springfield, VA 22161

19. SecurityClassification (of this report) 20. Security Classifcation (of 21. No. of Pages| 22. Price
Unclassified this page) 46

Unclassified
Form DOT F 1700.7(8-72) Reproduction of completed page authorized



DISCLAIMER

The contents of this report reflect the views of the authors, who are responsible for the facts and the accuracy

of the information presented herein. The contents do not necessarily reflect the official views or policies
neither of the Nebraska DepartmehiTransportations nor the University of Nebraslacoln. This report

does not constitute a standard, specification, or
appear in this report, are cited only because they are considered essentiabjectinves of the report.

The United States (U.S.) government and the State of Nebraska do not endorse products or manufacturers.
This material is based upon work supported by the Federal Highway Administration undBi(SGPR

FY21(011). Any opinionsfindings and conclusions or recommendations expressed in this publication are
those of the author(s) and do not necessarily ref!



Table of Contents

s 7

Technical Report Documentation Page& é é € € é é é

D~
D~
D~
D~
D~
D~
D~
D~
D~
D
D~
i)
QD
«Q
D
N

s 7

Disclameré ¢ ¢ ¢ é¢ééééeéécéécéeéeéeeeé

D
D
D
D
D
D
D
D
D
D
(0]
T
%P:

sz

Listof Figuresand Tablesé ¢ ¢ é € € é € € € é é é

D~
D~
D~
D~
D~
D~
D~
D~
D~
1)
@
i)
3

s sz 7 r 7 oz s sz 7 7 7z £z 7z £ z 7z £ 7

Introductioné é € € é é €€ éécééééeééééeéééeéeééeééeéeéé .. .Pag®

s z oz

Materialsand Methods ¢ é ¢ é ¢ é ¢ é e é éééeéeéeéeéé

[N
D
D
D
D
D
R
e
D

7z 7

Results éééeeeéééeececeééecececeééecececeééceececeése.

7z 7

Discussiore é e e ééééeeeéééeeceéééeeceeéééeececéé . ..Page3s

Conclusiont é e 6 é6ééécéécéécéeéécéécéécééceé .. Paged2
Recommendations é é € € é é € ééécéeééeéééeéeééeééééé .. .Pageas
Referenceg é ¢ 6 é é 6 ééécéécéécéécéecéeéecéecée .. .Pagetd

Pag



List of Figures and Tables

Figure 1. The locations of the two study sites are displayed. The Highway 77 site (yellow) is
located south of Cortlan®Nebraska, and the Highway 2 site (blue) is located west of Nebraska
City, Nebraska.

Figure 2. Eighttreatment combinationmplemented at Highway 77 and Highway 2 study sites
Treatments include various combinations of three treatment factonsiqwed ad not pre
mowed, seeded andseeded, and yeaftermowed and not yeaaftermowed.

Figure 3. Two mowing treatments were completed in October 2020 and early July 2021. (A)
shows plots that were mowed in October 2020 while vegetation was dormant, ahd\{B)the
tractor and mower finishing a plot in the early July mowing.

Figure 4. The seeding treatment conducted in November 2020 is shown. (A) shows the
equipment used to put seed in the ground in a previously mowed plot, and (B) shows an un
mowed plot where seed was drilled into the existing vegetation.

Figure 5. Photographs of veggtion sampling for cover using the 0.5 x-0®&ter frame. Twelve
frames per plot were used across 64 plots at two sites. (A) shows vegetation being observed in
June 2021 following seeding in November 2020, and (B) shows a frame in a seeded plot in
August2022.

Figure 6. The plot setup is shown for vegetative litter sampling. Transects were randomized
along the 18oot plot edge. Fifteen measurements were taken on each of the three transects. A
2.5foot margin was not sampled at each end of the plot.

Figure 7.Main effect of the seeding in November 2020 on total forb covaermmer 2021. The
cover values are an average of plots within the two seeding treatmerisiges are obtained
from the sum of cover for each forb species within a fotor bars represent the standard error
of the sample Both sites shoedan increase in total forb cover on average in plots that were
seeded.Only Highway 2 has a signifamt effect on forb cover from seeding (P = 0.01).

Figure 8. Main effect ofpre-mowing in October 2021 on total forb coversiimmer 2021.Both
sites appear to show an increase in total forb cover in response to mowing before seeding, but
only the Highway77 site has a significant effect on total forb cover withmpoaving (P = 0.03).

Figure 9. Main effect of seeding wildflowers on the total forb cover observadnmmer 2022,
the second season after planting and applying mowing treatmidrgsvalues aran average for
both seeding treatments of the sum of forb species cover for eacf ptat.forb cover
remained higher in seeded plots one year after planfihg.Highway 2 site had a significant
effect of seeding wildflowers (P = 0.02).

Figure 10. Main effect of the prenowing treatment on the percentage of seeded forb cover for
summer 2021.0nly species included in the seed mix (Table 1) are inclu@ibd.cover values

are an average of the plots within the two-pr@wing treatmentsThe twohighways are shown
separately.Only Highway 77 had a significant effect of preowing on seeded forb covefhe
error bars represent standard erf®amples were collected from August to September of 2021.

5



Figure 11.Main effect of seeding wildflowersnathe percent cover of forbs within the planting
mix (Table 2.1) i,summer 2022.Though both sites had an increase in the percentage of forb
cover of seeded species, only Highway 2 had a significant effect of seeding (P =S&6ding
occurred in Novelmer 2021. Thsedata wereobtained in August 2022.

Figure 12.Main effect of yeasafter mowing is shown for both sites in Summer 2022. This
mowing treatment was implemented in early July 2021. Highway 77 does not appear to be
affected by yeaafter mowing The Highway 2 site shows some negative impacts to seeded
species cover from mowing the previous summer, however, this is not significant (0.06).

Figure 13.Main effect of seeding on species richness for both sites in Summer 3paties
richness is a count all plant species found within a ghtdt species counts were averaged by
seeding treatment for each sitdighway 2 had a significant increase iresygs richness in
response to seeding wildflowers (P < 0.01). Seeding effects were weak for Highway 77 (P =
0.18).

Figure 14.Main effect of seeding on species richness for both sites in Summer 2022. Species
richness is a count all plant species foundhiniaa plot. Plot species counts were averaged by
seeding treatment for each site. Highway 2 had a significant increase in species richness in
response to seeding wildflowers (P = 0.0002). Seeding effects were weak for Highway 77 (P =
0.092).

Figure 15.Main effect of seeding wildflowers on the floristic quality of both sitessfionmer
2021 ancsummer 2022.The floristic quality index for each plot was calculated by multiplying
the average coefficient of conservatism value by the squarefrtied number of species present
at that plot. The adjusted index floristic quality index was averaged by seeding treatment.
Highway 2 after seeding appears to have a significant increase in average floristic quality in
seeded plots (P < 0.01).

Figure 16.Interaction between the preowing and seeding treatments are shown for the
Highway 2 site in Summer 2021 for adjusted floristic qualAyerage FQI for each treatment is
calculated the same as Fig. 2. Fremowing and seeding wildflowers appear taddo high
floristic quality when compared to seeding without-prewing (P = 0.033).

Figure 17.Main effect of July 2021 mowing on grass cover in September 2021. Average percent
cover is calculated by averaging the total percent cover of grass spe@astaalot within the

two yearafter mowing treatments. Highway 77 appears to have significantly less cover of

grasses on plots mowed in July compared to plots not mowed in July of the same year (P < 0.01).

Figure 18.Main effect of premowing on vegetate litter depth in millimeters for Spring 2021

with both sites combined. A plot average litter depth was derived from each measurement along
three transects. Plots were then averaged by mowing treatment. The results for both sites were
displayed togetherdzause both sites had a similar outcome. Data was collected in March of
2021 following the October 2020 preowing treatment. Prenowed plots had a lower depth of
vegetative litter at both sites compared to plots that were not mowed (P < 0.01).

Figure 19.Main effect of premowing on vegetative litter depth (millimeters) in March 2022.
Mowing occurred in October 2020. A plot average litter depth was derived from each
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measurement along three transects. Plots were then averaged by mowing treatment. &spoth si
premowing appears to reduce the depth of litter present in plots (P < 0.05).

Figure 20.Main effect of yeaiafter mowing on vegetative litter depth (millimeters) in March
2022. Mowing occurred in July 2021. Average litter depth was calculated tsisgme
methods as Figure 2.15. Highway 2 mowed plots have significantly less litter tmaovwed
plots (P < 0.01).

Figure 21.Vegetative litter depth and the total percent cover of forbs is compared for 2021.
Each point represents a pldireatments are not included in the da¥aegetative litter depton
the yaxiswere measureth March 2021, and the forb cover datarecollectedin September
2021. Forb cover appears to increase as vegetative litter depth decreases866:P = 0.003).

Figure 22.Vegetative litter depth and the total percent cover of forbs is compared for 2022.
Each point represents a pldtreatmentsare not included in the dat&/egetative litter depgon

the y-axis weremeasuredn March 2022, and the forb cover datarecollected in September
2022. In 2022, there appears to be no correlation between litter depth and the amount of forb
cover (r=0.034, P =0.79).

Figure 23.The frequency of common milkweed occurrences on seeded and unseeded plots
across time is shown. Frequency was determined by the total number of frames containing
common milkweed for each treatment at each sampling date. Gomnitkweed was the only
milkweed species considered because it was the only species observed from the seed mix.
Seeding occurred after the Summer 2020 sampling date. Milkweed frequency was considerably
higher in seeded plots than-saeded plots in Summ2021 and Summer 2022.

Figure 24.Vegetative litter is shown in a plot following the early July mowing treatm©fitile
much of the plot has reduced litter, strips of dense litter may be present between and outside the
mower blade path.

Table 1.The 33 species of forbs in the wildflower mix are shown. Included is the species name,
common name used in this study, ftiocal group, life span, and bloom time.

Table 2.Percentage of each ground cover category observed in March 2B&de were
significantly fewer litter observations and more bare ground observatigms-amowed plots

Table 3.Percentage of each ground cover category observed in March Ra@g2ground
observations remained higher fwe-mowed plots.

Table 4.Percentage of each ground cover category observed in March Ph@3.earafter
mowing treatment did not appear torgfgcantly affect the occurrence of ground cover types.

Table 5.The frequency of common milkweed occurrences is shown in relation to the mowing
treatment applied isummer 2021 andummer 2022.The premowing treatment was applied in
October 2020, andhe year after mowing treatment was applied in July 2G2&quency was
calculated as the sum of frames containing common milkweed for each mowing treatment.
There were no significant differences in the frequency of common milkweeds for any of the
treatmets in both 2021 and 202However, for both treatments at both yearsmowed plots
were observed to have a slightly higher frequency of milkweed compared to mowed plots.
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Table 6. The frequency of observation for each species in the seed mix is shown for Summer
2021 and 2022 combined. Frequency was calculated by counting the number of frames that a
species occurred in. Frequency for the 33 species in the wildflower mix is shobotHaeeded
and unseeded plots.



INTRODUCTION

Roadside plantings of native grasses and forbs are frequently implemented on roadways
across the United States with the purpos@afeasingsoil stabilization, wildlife habitat, and
aesthetic valueThe strong root systems of native warm season grasses are important for
protecting infrastructure by preventing excessive soil erosion on roadsldége wildflowers
are often incorporated inseed mixes to enhance pollinator habitat and aesthetic idalsatat
enhancement is important to pollinator conservation because many pollinator species are on the
decline due to habitat loss and fragmentation of suitable habitats (Winfree et al. QU0S).
reasons for declinicludeinfections from pathogens, lower genetic diversity due to small
population sizes, climate change, and increasing use of pesticides in agriculture (Cameron et al.
2011; Goulson et al. 2015Further research can improwar understanding of how pollinators
interact with roadside forb plantings and how mowing can affect forbs seeded into a roadside
setting.

Roadsides can provide important areas for pollinator habitat in landscapes, such as the
tallgrass prairie ecoregion Nebraska, that are largely privately owné&a many cases, roadside
slopes lack the plant diversity to support a large variety of pollinating indeletsl pollinator
habitat includes a diverse array of annual and perennial flowers, including leginm#s, and
trees that flower from early spring through the late fall (Gilbert, Vaughan, 20klng seed
mixes that contain abundant season long blooms are more important to sustaining pollinators
than diverse mixes that do not bloom throughout thieeegtowing season (Williams et al.

2015). In many revegetation projects, grasses are also included into seed mixes, however, this
may negatively affect forb growth at sites where grasses are already estabAstaesiwith high
grass density typicallydve lower forb density due to competition for light and nutrients
(Dickson, Busby, 2009).

The monarch butterflyfi{anaus plexippuds an iconic pollinator that has declined
significantly in the last several decadd$heeastern migratory population of monarchs has
decreased by an estimated 84% in the last decade (Semmens et alMaiXidch butterflies
require milkweedsAsclepias pp.) to provide food for their larvadn 2014, the U.S. Fish and
Wildlife service petitioned to list monarch butterflies under the Endangered Species Act (U.S.
Fish and WildlifeService, 2020), though it was decided in December 2020 that the monarch
would not be listed, and no federal protection was warrariteduly 2022, the monarch was
placed on the International Union for Conservation of Nature (IUCN) Red List as an endangered
species (IUCN, 2022)This listing is important for the conservationtbé species; however, it
provides no federal protection or coverage under the Endangered Species Act.

Native prairie habitat often requires heterogeneous disturbance regimes to promote the
highest possible diversity of plantblistorically, these distudnce regimes would have included
a combination of grazing and periodic fire to create a mosaic of different habitat patches on the
landscape However, fire and grazing are not feasible in roadside settings due to safety concerns.
Mowing is one form of digsirbance that has been used to promote forb growth and limit the
proliferation of grasses that compete with forbs for sunlight, water, and nutrientss study,
our roadside sites were dominated with native warm season grasses, particularly eghbluest
(Andropogon gerard)i Indiangrassorghastrum nutafsand sideoats gramBduteloua
curtipendulg. Other research has shown that mowing can free desirable forbs from competition



with large grasses and restrain the growth of woody species (Jak@bsdoP018; Williams et
al. 2007).

Current Nebraska Department of Transportation (NDOT) seed mixes for newly
constructed roadsides are tailored to specific regions of Nebr@skatudy, for examplejs in
the Loess and Glacial Drift Region (Region B)ypical seed mixes here include 14 total species
of plants, including eight native grasses, five native forbs, and a cover crop for early erosion
control. According to the NDOT Roadside Vegetation Estabfisht and Management
Handbook, about 10% of the total seed mix is forbs. On surfaced road shoulders, vegetation is
mowed at a width of 15 feet from the edge of the pavement to a height of six inches.

Roadside right®f-way are highly disturbed sites tha¢duently have less than ideal
growth conditions for wildflowerslUn-approved mowing, soil compaction, herbicide drift from
nearby fields, and invasive species are all potential challenges to establishing pollinator habitat
along major highwaysOur preiminary data before seeding these roadsides also shows that
plant diversity is generally lacking along roadwaee abundance has been found to be
significantly higher on restored roadsides compared 4@stored roadsides (Hopwood, 2008).
Research mNebraska roadsides will help managers determine the best practices to establish and
promote the longevity of diverse wildflower resourclgs apparent that improving plant
diversity on existing roadsides is necessary to support a diverse array aitpalinsects.In
addition, native warnseason grasses are highly competitive with forbs for water, sunlight, and
nutrients. Conflicting results have been found in past studies involving wildflower establishment
and mowing.Enstminger et al. (2017) fodrthatless frequent (no more than twice per year) and
later season mowing after dormancy allows the forbs ample time to complete seed prdouction
future reproduction Alternatively, Williams et al. (2007) found thadowing forb seeded plots
as often a every week led to greater root and shoot mass in forbs and double the abundance of
forbs compared to umowed control plots.

Project Objectives and Summary of Findings

This projectanalyzel the efficacy of establishing a diverse wildflower seed mix on
roadside backslopes at sites with-présting dominant cover of warm season gras¥es.also
determind if different mowing regimes can facilitate the germination and establishment of
roadsie wildflowers. Overall, this reportleterminel if seeding backslopes and using mowing
can benefit pollinator habitat and roadside aesthetics while still maintaining vegetative cover for
the purpose of erosion control.

Ouranalyseshowed that overall, oseeding treatment was effective at increasing the
forb diversity and total forb cover for roadside backslogderistic quality was also enhanced
because of seeding wildflower$hese results were stronder plantings established alolag
Highway 2versus alighway 77 site.Site orientation, rainfall, and soil compaction may have
led to these differences in site respondgghway 2 received a greater amount of rainfall
throughout the study than Highway 7¥hough both sites had compacted soils, Highway 77
plots had slightly more compacted soils on average.

Mowing effects were less clear throughout the stuglgrtb covemvas higher on plots that
were mowed in October 2020 before seeding, however, the benefitsmabpriag varied based
on the site.Premowing and seeding together was the most effective treatment combination at
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increasing the Floristic Quality of the Highw 2 site. Mowing after seeding in early Julydd
not appear to have significant effects on the establishment of fAdzsimulation of dead plant
matteron the soil surface (i.ditter) of the roadsidevas one factor that appeaito have a
strong im@ct on forb density in the first year of forb establishmé&#ducing litter depth was
positively related to increasing forb cover.

This research provides information on the limitations and opportunities in planting native
wildflower seed into roadsidesith previously established vegetatiolmsight from this report
will help guide recommendations and future research on the best management practices for
seeding and mowing Nebraska roadsidesme limitations were observed during this study,
such as belw average rainfall throughout the duration of the researtis led to a low
percentage of forbs flowering through this studfye assumethat perennial wildflower
seedlings will flower in greater abundance and diversity under normal rainfall cosdition
Although tis report dd not investigate the attractiveness of the treatments to pollipators
previous research has shown that increasing native floral resources will attract more pollinating
insects (Blaauw & Isaacs, 2014; Blackmore & Goulsen, 2014; Hopwood, 2008; Schacht et al.
2017). In this reporfwe focus on the seeding and mowing treatmantshow they may be used
to increase wildflower density and diversity on Southeast Nebraska roadsides.

MATERIALS AND METHODS
Study Site Description

This study was conducted at two roadside sites in southeastern Ndlbiigeka 1) One
site was located along Highway 77 starting about 5 miles southwest of Cortland, Nebraska in
Gage County from mile marker 33 to mile marker Bbghway 77 at this location is situated in
a NorthSouth orientation.The next site was located along Highy2 starting about 3 miles
west of Nebraska City, Nebraska in Otoe County from mile marker 502 toBHf#.sites were
four lane highways with a vegetated median separating the lanes traveling in opposite directions
and a paved shoulder.
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Figure 1. The locations of the two study sites are displayed. The Highway 77 site (yellow) is
located south of Cortland, Nebraska, and the Highway 2 site (blue) is located west of Nebraska
City, Nebraska.
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This study was conducted from August 2020 to September 222 historical annual
average temperature for Otoe County (Highway 2 site) is 10.6°C. Tempewataraged 11.3°C
in 202Q 11.7°Cin 2021, and10.7°Cin 2022in Otoe County.Both sites had their 8varmest
year since 1900 in 2021T'he historical average yearly precipitation for Otoe County is 79 cm.
Total precipitation for 2020 was 62.7 crim 2021, the total precipitation was above the
historical average at 88.3 cnn 2022, drier than averagenditions were experienced with 59.1
cm of precipitation falling throughout the year (NOAA, 2023)

Gage County (Highway 77 site) has a historical annual average temperature of 10.7°C.
In 2020, the average temperature for the year was 11.4°C, and ith2024erage temperature
was 12.1°C.The average yearly temperature in 2022 was 11.6&)e County averages 76.2
cm of precipitation historicallyln 2020, the county received 61.3 cm of precipitation, and in
2021, thecountyreceived 64 cm of precipitatiorin 2022, conditions remained dry with 60.6 cm
falling during the yearUnlike the highway 2 site, which had above average precipitation in
2021, the first year after planting seed, Highway 77 had below average precipftatthe
duration of the study (NOAA, 2023)

Disturbances on roadside slopes are typically in the form of mowiegetation on
these roadsides is typically dominated by native wseason grasses, including big bluestem
(Andropogon gerard)i Indiangass §orghastrum nutanssideoats gramaputeloua
curtipendulg, switchgrassed@nicum virgaturyy and Eastern gamagragsipsacum
dactyloide$. Native coolseason grasses are present with slender wheatgassié
trachycaulu$ and Canada wildryee{fymus canadensiveing the most commorNon-native
coolseason grasses are also present on most slbpesnost common nenative coolseason
grasses include Kentucky bluegraBsd pratensis Smooth bromeBromus inermiys and
cheatgrassBromus tectoum). Many roadside slopes have multiple forbs present, with many of
them being native wildflowers such as, Maximilian sunflowéglianthus maximiliar)i showy
partridge pea@Ghamaecrista fascicula}alllinois bundleflower Desmodium illinoensjs Canaa
goldenrod §olidago canadensgisand heath asteBymphyotrichum ericoidgsHairy vetch
(Vicia villosa) and yellow sweet cloveMelilotus officinalig are exotic legumes commonly
found on roadsides that can become a nuisance in restoration projects.

Experimental Design

The design of this experimentwarandomized complete block design withur plots
being allocated to each efghtdifferent treatment combinations on both study ikégure 2).
The Highway 2 and Highway 77 sites eacl B2 plds for a total of 64 plots in the entire study.
Treatments were organized in a 2x2x2 factorial arrangewigmfour replicationof each
treatment combinationTherewerethree different treatment factors randomly assigned to each
of the 32 plots at eadocation: premowed or not prenowed, seeded or not seeded, and mowed
the year after or not mowed the year aftéour plots at each sitid not receive any treatments
andwereconsidered controlsEach plot was located on the backslope portion ofdhdside to
avoid traffic interference with the treatments and to provide the most safety possible during data
collections.
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Unmowed, unseeded Unmowed, fall seeded Fall mowed, unseeded Fall mowed, fall seeded

18’

60

Spring and fall mowed, Spring and fall mowed,
Spring mowed, unseeded Spring mowed, fall seeded unseeded fall seeded

Figure 2. Eighttreatment combinationsmplemented at Highway 77 and Highway 2 study sites
Treatments include variow®mbinations of three treatment factors:-prewed and not pre
mowed, seeded andseeded, and yeaftermowed and not yeaaftermowed.

The plot size for this study was 18 feet wide x 60 feet long running parallel to the
highway(Figure 2) Theplots had a 5@oot-wide gap between them where no datev
collected. This area was considered a buffer to prevent treatment effects from mixing together.
Each plot was marked with reflective fiberglass posts and flalyg.locations were also stored
in a handheld GPS devic®lots were arranged along multiple slope locations within each site,
with each slopéaving betweethreeandeightplots. Data collection asperformed at least 1
foot inside the boundaries of the plots to account for thenpat®f treatments to miss the
extreme edges of the plots.

Treatments

The first premowing treatment was implemented in October 2@2@ure 3A) Half of
the 32 plots at each site were randomly selected to be mowed to a height of 6 to 8 inches, leaving
32 total plots mowedA 15-foot-wide mower was pulled behind a tractor between the plot
boundaries.The plotswere18 feet wide, so sampling was only performed within the mowed
area of the plot.The second mowing treatment was conducted in early Jullyy 202 followed
the same methods as the-geeding mowing treatme(figure 3B) Half the plots were mowed,
with some receiving both mowing treatments, some receiving just one of the mowing treatments,
and some receiving no mowing at allhe seeding treatmenmheanwhilejncluded drilling
native wildflowers into half of the plotssing a Great Plains Native Grass Series Il drill
(3P606NT Figure 4.
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Figure 3. Two mowing treatments were completed in October 2020 and early July 2021. (A)
shows plots that were mowed in October 2020 while vegetation was dormant, and (B) shows the
tractor and mower finishing a plot in the early July mowing.

Figure 4. The seeding treatment conductedNovember 2020 is shown. (A) shows the
equipment used to put seed in the ground in a previously mowed plot, and (B) shows an un
mowed plot where seed was drilled into the existing vegetation.
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The species mix included 33 species of native wildflowetls bloom times ranging
from April to October.The seed mix was composed of an array of perennial and annual
wildflowers obtained from Stock Seed Far(fable 1)

Table 1.The 33 species of forbs in the wildflower mix are shown. Included is the species name,
common name used in this study, functional group, life span, and bloom time.

Species Common Name Functional Group Life Span Bloom Time
Penstemomgrandiflorus Sheltleaf Penstemon Forb Perennial Apr 157 Jun 15
Zizia aurea Golden Alexander Forb Perennial Apr 157 Jun 15
Achillea millefolium Western Yarrow Forb Perennial Apr 151 Jun 15
Gaillardia pulchella Indian Blanket Flower Forb Annual Apr 157 Jun 15
Rudbeckia hirta Black-eyed Susan Forb Annual or Biennial Apr 157 Jun 15
Linum lewisii Lewis Flax Forb Perennial Jun 15 Aug 15
Amorpha canescens Leadplant Woody Perennial Jun 15/ Aug 15
Asclepias syriaca CommonMilkweed Forb Perennial Jun 15/ Aug 15
Asclepias tuberosa Butterfly Milkweed Forb Perennial Jun 15/ Aug 15
Solidago canadensis Canada Goldenrod Forb Perennial Jun 15/ Aug 15
Solidago missouriensis | Missouri Goldenrod Forb Perennial Jun 15/ Aug 15
Astragalus canadensis | Canada Milkvetch Legume Perennial Jun 15’ Aug 15
Coreopsis tinctoria Plains Coreopsis Forb Annual Jun 15 Aug 15
Desmodium canadense | Showy Ticktrefoil Legume Perennial Jun 15’ Aug 15
Heliopsis helianthoides | FalseSunflower Forb Perennial Jun 15/ Aug 15
Monarda fistulosa Wild Bergamot Forb Perennial Jun 15/ Aug 15
Echinacea angustifolia | Narrowleaf Purple Forb Perennial Jun 15/ Aug 15

Coneflower
Ratibida columnifera Upright Prairie Forb Perennial Jun 15" Aug 15
Coneflower
Ratibida pinnata Grayhead Coneflower Forb Perennial Jun 15 Aug 15
Verbena hastata Blue Vervain Forb Perennial Jun 15’ Aug 15
Chamaecrista fasciculatg Showy Partridgepea Legume Annual Jun 15/ Aug 15
Daleapurpurea Purple Prairie Clover Legume Perennial Jun 15 Aug 15
Desmanthus illinoensis | lllinois Bundleflower Legume Perennial Jun 15’ Aug 15
Cleome serrulate Rocky Mountain Bee Forb Annual Jun 15/ Aug 15
Plant
Helianthus maximiliani | Maximillian Sunflower Forb Perennial Aug 157 Oct 15
Helianthus pauciflorus Stiff Sunflower Forb Perennial Aug 151 Oct 15
Oligoneuron rigidum Stiff Goldenrod Forb Perennial Aug 151 Oct 15
Salvia azurea Pitcher Sage Forb Perennial Aug 157 Oct 15
Symphyotrichum Heath Aster Forb Perennial Aug 157 Oct 15
ericoides
Symphyotrichum laeve | Smooth Blue Aster Forb Perennial Aug 157 Oct 15
Symphyotrichum novae | New England Aster Forb Perennial Aug 157 Oct 15
angliae
Silphium laciniatum Compass Plant Forb Perennial Aug 151 Oct 15
Lespedeza capitata Roundhead Bush Clover| Legume Perennial Aug 157 Oct 15

Soil Bulk Density

In Spring 2022, the roadside soils were sampled to help gain an understanding of how
germination anestablishment of the seed mixture could be affected by soil compaation
otherto be determinegropeties. Highway 2 plots had an average bulk density of 1.50 §/cm
and Highway 77 plots had an average bulk density of 1.57gMBuoth sites were oaverage
more compacted than typical prairie soils, which generally fall between 1.0 and 134 g/cm
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Vegetation Sampling

Vegetation was sampled by identifying the frequency and cover of each plant species
located within a 0.5 m x 0.5 m quad(kigure 5) An observer started at one end of the plot and
randomly tossed the quadrat into the plot, being sure not to bias th@ tolss.counted, each
guadrat had to lie entirely inside the plot boundaries, otherwise the quadrat had-todsede
Treatmentsvere not administered outside the plot boundaries, so this ensured that the data
accurately represented the treatments being applied to a particulaDplgtspecies rooted
within the boundaries of the quadrat were counted in the frequency and cse&srasnts.

Figure 5. Photographs of vegetati sampling for cover using the 0.5 x-Oxeter frame. Twelve
frames per plot were used across 64 plots at two sites. (A) shows vegetation being observed in
June 2021 following seeding in November 2020, and (B) shows a frame in a seeded plot in
August 2022

Daubenmire Cover Classes (1 5%, 2 = 625%, 3 = 2550%, 4 = 5075%, 5 = 7595%,
6 = 95100%) were used to assess the percent cover of each species priesdantal covepf
each species could total more than 100% because the vegetation atesesassoften layered,
with some dominant species creating a canopy above the less robust species. Twelve quadrats
were sampled per plot withix tosses being across the top half of the plotsaaxtdeing made
across the bottom half in a stratified randaranner.
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Litter Cover and Depth Sampling

Dead plant material on the soil surface, liter, sampling was conducted by randomly
selectingthreetransects within the 18 x é0ot plots along the 1&ot edggFigure6). One
foot margins along the top and bottom of the plots were not included in the transects to account
for treatments not being perfectly aligned with the edge of the pldits.tansects were
determined to be at 2, 11, and 14 feEere was also a 2f6ot margin at each end of the plot,
which left each transect running a total of 55 feet parallel to the long edge of theiftéot.
sampling was conducted in March 2021 and M&022 before plants began to grow
significantly. Figure 6 shows the layout of the transects for the vegetative litter sampling.

A step point tool was placed 2.5 feet inside the plot boundary, and the point was allowed
to extend forward and rest on the ground. The observer then recorded the cover type at the point
of the tool. Litter, plant base (basal cover), and bare ground ve@@ded in this studylLitter
in this case was defined as the preWhemus year
litter cover was observed, a ruler was used to measure the depth of the material in millimeters at
the location of the pointTo determine the location of the next observation, the observer took
two steps from the previous point along the transect. The researcher was expected to make about
15 observations per transect or 45 observations perigpoints were taken outside oktB.5
foot margin at the edge of the plots.

2t

Transect 1

18 ft

11 ft
Transect 2

14 ft

Transect 3 285t L —d

60 ft

Figure 6. The plot setup is shown for vegetative litter sampling. Transects were randomized
along the 18oot plot edge. Fifteen measurements were taken on each of the three transects. A
2.5foot margin was niossampled at each end of the plot.

Data Analysis

Data analyses were performed using RStudio version 2022.07.0+548-22PP9The
Tidyverse package was used to manipulate data into usable foowetermine the treatment
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effects on vegetation and plant litter, the doBy package was used to perform an ANOVA, where
all treatment interactions were showsignificance was determidet alpha = 0.05Correlation

bet ween various types of data were show by pe
tests. The two study sites were sampled independently to account for variation in growing
conditions between the two siteEhe sarples taken from each plot were averaged to obtain a

per plot average of cover, frequency, species richness, and floristic qiraditydata was then
averaged by the treatment being analyZéeldristic Quality was calculated using the methods

from Taft @ al. 1997. The coefficients of conservatism (C) were obtained from the Nebraska
Natural Heritage Program plant species &1ty Steinauer personal communicatioAll

figures of results were created using ggplot in the RStudio Tidyverse packades were

created in Microsoft Word.

RESULTS
Total Forb Cover

The total percent cover of forbs was assessed to determine the effects of seeding
wildflowers and different mowing regimes on the density of forbs present at &ns621,
there were nagignificant interactions between seeding and mowing treatments on forb cover.
The treatment effects were only observed for individual treatments sepafelging alone
increased the total forb cover for both siegure 7) Highway 2 had 19.5% cover in seeded
plots and 12.3% in useeded plots (P = 0.01Highway 77 seeded plots had 17.9% forb cover,
and unseeded plots had 13.1% seeded cover on average (P =O1ig)the Highway 2 site
showed a significant increase inrtbacover from seeding; however, the Highway 77 w#s
trending in a similar direction.
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Seeding treatment comparison of forb cover in Summer 2021
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Figure 7. Main effect of the seeding in November 2020 on total forb covaermmer 2021. The
cover values are an average of plots within the two seeding treatmerrages are obtained
from the sum of cover for each forb species within a fotor bars represent the standard error
of the sample Both sites shoedan increase in total forb cover on average in plots that were
seeded.Only Highway 2 has a sigficant effect on forb cover from seeding (P = 0.01).

Premowing appeadto have a positive effect on forb growth at the Highway 77 site
(Figure8), where premowed plots had an average cover of 17.9%, while plots that were not
mowed only averaged 12.7% (P = 0.03his positive effect of prenowing on forb cover was
not observed at thdighway 2 site.There appears to be a difference in condgiat each site
leading to inconsistent effects from mowing and seeding treatments.
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Pre-mowing treatment comparison of forb cover in Summer 2021

Highway 2 Highway 77
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Treatment

Figure 8. Main effect ofpre-mowing in October 2021 on total forb coversiimmer 2021.Both
sites appear to show an increase in total forb cover in response to mowing before seeding, but
only the Highway 77 site has a significant effect on total forb cover witmpreing (P = 0.03).

Vegetation was again assessed for total forb covemmmer 2022, the season after
planting and implementing the final mowing treatmefbrb cover appeadto have recovered
to similar levels in response to both mowing treatments at both sites in the season after mowing.
The effects of mowing appeatto betemporary with forb cover being unaffectedpng or
postseeding mowing in 2022.ike Summer 2021, mowing treatments and seeding treatments
did not appear to interact. The positive effects of seeding remained evident in 2022, as Highway
2 seeded plotsad 29.4% forb cover and tgeeded plots had 18.9% total forb cover (P = 0.02).
Highway 77 seeded plots had 22.7% forb cover on seeded plots compared to 16.8% cover on un
seeded plots in 2021, but this was not a significant effect (P = GOM&xall, forbcover showed
increases from 2021 to 2022 for all plots, but seeded plots on average remained higher in forb
coverage (Figre 9).
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Figure 9. Main effect of seeding wildflowers on the total forb cover observadnmmer 2022,
the second season after planting and applying mowing treatnidrgsvalues are an average for
both seeding treatments of the sum of forb species cover for eaci piakforb cover

remained higher in seeded plots one year after planfihg.Highway 2 site had a significant
effect of seeding wildflowers (P = 0.02).

Cover of Seeded Forbs Only

To assess the establishment of the seed mix and the effects of moweegled forbs,
the percent cover of seeded species was analyzed using only those species within the wildflower
seedmix (Table 1).In the first season after plantingutnmer 2021), the Highway 2 site showed
a small increase in seeded species forb cover from 9.71% seeded plots to 12.8% cover on
seeded plots (P = 0.18T.here were also no significant effects from Octobesrposving or July
yearafter mowing on seedespecies forb coverThe early July mowing did lead to about 3%
less seeded species cover on average for both sites compared to plots that were not mowed.
Highway 77 had a small increase in forb cover from 10.1% eseeded plots to 13.8% on plots
seedd with wildflowers (P = 0.07).The Highway 77 site, however, did have a higher
percentage of coverage from these seeded species on plots that were mowed before seeding
(Figure10). Highway 77 plots that were not preowed had an average of 9.47% covérilev
plots that were mowed before seeding averaged 14.5% cover of species within the seed mix (P =
0.02). There were no interactions between treatment factors for either site in 2021.
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